Typeset using REVT E X 1 Transport properties in strongly correlated systems are largely affected by the configuration of spin background. Typical example is colossal magnetoresistance phenomena in manganites [1] , where magnitude of transfer interaction, and hence longitudinal conductivity, is controlled by the degree of ferromagnetic spin correlation [2] . Recently, it has been argued [3] [4] [5] [6] that non-trivial spin texture can give rise to quantal phase of the electron transfer interaction, and that the phase, which acts as a fictitious magnetic field, manifests itself as transverse conductivity. Experimental evidences for this mechanism of anomalous Hall effect (Berry phase mechanism) have been accumulated for various kinds of oxide materials [7] [8] [9] [10] [11] . Among them, unconventional behaviors, such as temperature-variation and anisotropic magnetic field-dependence, of the anomalous Hall effect in Nd 2 Mo 2 O 7 with pyrochlore structure [9, 11, 12] are considered as strong evidences for the Berry phase mechanism of anomalous Hall effect, although they are not interpreted as such in some literature [12] .
The unique behaviors of the anomalous Hall effect in Nd 2 Mo 2 O 7 arise from the complex magnetic structure [9, 13] realized on that particular pyrochlore lattice. The lattice consists of two sublattices of Nd-site and Mo-site, both of which form corner-sharing networks of tetrahedra. One sublattice is obtained by displacing the other one by half a lattice constant along a crystallographic axis. The localized Nd-moment has Ising-like anisotropy along the local 111 axis which differs from site to site, and the anisotropy of the Nd moment system is transmitted via f -d interaction to the Mo spin system, with which conduction electrons interact via Hund's-rule coupling. Sign reversal of the Hall resistivity at high fields applied along the [111] direction is explained [11] in terms of field-induced flipping of Nd moments and consequent sign change of fictitious magnetic field that penetrates a Mo-tetrahedron. On the other hand, a rather conventional behavior of anomalous Hall effect in Gd 2 Mo 2 O 7 is ascribed [11] to the isotropic nature of Gd 3+ moment without orbital angular momentum, and to the resultant absence of spin chirality in the Mo spin system.
Therefore, the anisotropy of the magnetic moment of the rare earth ion is a key ingredient in this mechanism of anomalous Hall effect. In this paper, we fully exploit the fact that the spin chirality of the Mo system is controlled by the moment of rare earth species, and value takes maximum at each temperature.
In the case of the undoped sample, the Nd moments form umbrella structure, or "2-in 2-out" structure [9, 13] , at a small enough field. The magnetic structure is depicted for H
[111] configuration in Fig.4(a) , where H direction is upward. Figures 4(b) - ( Fig.2(a) ). Therefore, the f -f interaction cannot be neglected and has to be taken into account. If the Dy moment substituted for the site 4 points antiparallel to the net magnetization as depicted in Fig.4 (e), the magnetization increase is expected to be 0.8 µ B /(Nd,Dy)MoO 3.5 at 20 % Dy-doping.
Provided that the doped Dy moments always point antiparallel to the replaced original Nd moments in the 2-in 2-out configuration, the anticipated variation of the spontaneous (H=0) magnetization is shown with a dotted line in Fig.2(a) , which is very close to the observed. Fig.3 ) is qualitatively similar to the evolution of the ordered Nd moments.
In the case of H [100] as depicted in Fig.4(n) , by contrast, all the Dy moments seem to point toward the field direction. This is because this configuration is compatible with the antiferromagnetic Dy-Nd as well as the ferromagnetic Dy-Mo interactions. In fact, the observed Dy-doping dependence of magnetization for a small H [100] is in reasonable agreement with the expected value (a dashed line in Fig.2(a) ), which was derived again on the assumption that the doped Dy moment always points antiparallel to the original Nd moment. Therefore, all the Dy moments are already aligned along the field direction at a small enough field, which explains why no metamagnetic anomaly is observed in the magnetization curve for H [100].
Keeping these features of the (Nd,Dy) moment configuration in mind, we discuss the Hall resistivity anomaly upon the Dy-related metamagnetic transition as well as the Dy-doping induced sign reversal of Hall resistivity at a high field. As we have argued, the moments which show field-induced flipping are the Dy moments at site 4 ( Fig.4(e) ). The magnetic structures of the tetrahedron right after the Dy flipping are depicted in Figs.4(f) and (g).
For the purpose of simplicity, we assume that all the (Nd,Dy)-tetrahedra which surround one Mo tetrahedron have the same magnetic structure. Then, the fictitious field changes the sign upon flipping of Dy moment at site 4. The sign of the fictitious magnetic field that penetrates the Mo tetrahedron is indicated by "+" or "−" in the each panel of Fig.4 .
This gives rise to the sudden decrease of Hall resistivity. At a high enough field (e.g. 14 T), all the Nd and Dy moments point to the field direction to gain the Zeeman energy, as shown in Figs. 
4(h)-(l). If we take into account the different sign of f -d interaction between
Nd-Mo and Dy-Mo, the sign of the fictitious magnetic field becomes positive in some of the 6 tetrahedra that include Dy ions, as opposed to negative sign in the tetrahedra without Dy.
Therefore, as the Dy concentration is increased, the number of the tetrahedra that include Dy increases, and eventually the sign of the Hall resistivity at the high field changes from negative to positive. On the other hand, when the strong magnetic field is applied along
[100] direction, a tetrahedron that includes Dy ion makes a negative-sign contribution to the Hall resistivity (Fig.4(p) ). Thus, the sign of the Hall resistivity changes from positive to negative, just in the opposite way to the case of H [111].
In summary, we have investigated the anisotropic magnetization and Hall resistivity for a series of (Nd 
